The establishment of the modern discipline of clinical chemistry was concurrent with the foundation of the journal Clinical Chemistry and that of the American Association for Clinical Chemistry in the late 1940s and early 1950s. To mark the 50th volume of this Journal, I chronicle and highlight scientific milestones, and those within the discipline, as documented in the pages of Clinical Chemistry. Amazing progress has been made in the field of laboratory diagnostics over these five decades, in many cases paralleling-as well as being bolstered by-the rapid pace in the development of computer technologies. Specific areas of laboratory medicine particularly well represented in Clinical Chemistry include lipids, endocrinology, protein markers, quality of laboratory measurements, molecular diagnostics, and general advances in methodology and instrumentation.
In this overview, I have selected numerous highlights and representative articles illustrating advances in the practice of clinical chemistry as they appeared in the pages of this Journal, and I have placed them in historical perspective by juxtaposing them with contemporaneous events in the broader world. I was guided by both the citation frequency of papers that had significant impact and opportunities that a paper provided to exemplify developments in technology, instrumentation, and medicine of the day. This journal timeline is not intended to be a detailed history of the Journal, as many facets of our heritage have already been reported (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
In reviewing nearly 100 000 pages of the journal, I was again struck by how much has changed, yet how much has remained the same (1 ) . Over the years, many papers were devoted to general topics still very much of interest to our readers today: lipids, endocrinology, protein markers, quality of results, and advances in methodology. Of course, much has also gone the way of high-button shoes and 5¢ coffee, such as thymol flocculation tests and measurement of protein-bound iodine. The development of the field of laboratory diagnostics can be seen in tracing the evolution of figures within papers, from the large number of photographs and hand-drawn diagrams of glassware that were characteristic of the first years of publication to displays of results from devices, rather than the devices themselves. I was occasionally amused by the now-quaint spellings of "technic" and "computor", as well as the liberal use of the plural "serums". The AACC annual meeting played a central role over the years, with names of speakers, awardees, and their abstracts and biographies printed as regular or supplemental pages. Review of those entries will help to further document the interesting topics of the day, as well as to uncover such-today politically incorrect-entries as "ladies programs". Those days, however, also boasted hotel rooms with daily rates of $7.50 in Santa Monica and $8.50 in Boston; "charming" pictures of meeting venues also graced our pages.
Many of today's efforts at standardization and harmonization were more than foreshadowed in several seminal papers appearing in this Journal during the 1960s and 1970s; perhaps if more attention had been paid to these papers when they were published three or four decades ago, current standardization efforts might not be so necessary, or at least not so difficult and costly in their implementation. Another theme that often appeared was the role of the profession of medical laboratorians and relationships among professional societies; some of the rhetoric makes for more-thaninteresting reading that borders on voyeurism. The give and take in correspondence regarding various view points on the various issues of the day (13 ) also seemed to contain far more spleen than the tamer exchanges that are encountered today. Nonetheless, it betrays an enthusiasm that can be admired whichever side one might have supported.
I was also struck by the specific "personality" of the journal under each of its three editors as it evolved and developed. Although they appeared on our mastheads under differing titles, their role clearly match that of "Editor-inChief" in other publishing circles. It may be happenstance that their tenures were contemporaneous with reasonably defined advances and achievements in the field: "Managing Editor" Appleton (1955 Appleton ( -1969 with the period establishing the discipline as we know it today and with the automation of classical chemistry procedures; "Executive Editor" King (1970 King ( -1990 coincided with advances in immunoassay, computer-assisted techniques, and new instrumentation; and our current adjectiveless "Editor" Bruns (1991-) has been coeval with applications of molecular biology and evidence-based medicine. The journal has benefited greatly from the occupancy of the Editor's chair by these three; a history of the Journal's leadership appears elsewhere (12 ) .
Another theme that emerged in my review was the rapidity with which clinically useful procedures put major scientific discoveries to use. There are many methods and clinical applications described in our pages that swiftly followed the publication of major biomedical findings (many of which led to Nobel Prizes). The first research papers describing the structure of hemoglobins, immunoassays, HPLC, GC/MS, monoclonal antibodies, PCR, MS/ MS, etc. were followed in very short order by a multitude of applications of the knowledge in our pages.
Predicting the future is tricky business. In 1967, a US Senate Subcommittee reportedly heard testimony forecasting that, by 1985, Americans would work 22 hours each week, 27 weeks a year, or that they would retire at age 38 (14 ) . If only that had come to pass! On the other hand, some true visionaries got it just about right. "I have not been reading science fiction," wrote David Seligson in 1962, on the future of clinical chemistry in these pages (15 ) .
He continues:
The time will come when blood is sent from a hospital to a large receiving center-that is, a laboratory which does large numbers of special analyses automatically and continually, day and night, weekends and holidays . . . special instruments can sort, analyze, punch out answers, and return reports. Even the latter, the report, will probably disappear in our new way of life because we shall have instruments which identify samples, analyze them, and electronically enter the result into a computer. The latter could be as much as 100 miles away. . . . Our laboratory instruments will feed the data into the computer and the computer will convert it to a final report and store the information.
A physician who wishes to know the electrolyte values for his patient will not call the laboratory, he will tell the computer what he wants and the computer will direct a typewriter which will give him the information at the rate of 1000 lines per minute. The same information can be requested 10 times in one hour without irritating the laboratory secretaries or anyone else. Furthermore, the laboratory will also have a computer outlet so that serial data on any patient can be observed for fluctuations. The clinical chemist will be able to get any information he needs in seconds without going to his own files or to the record room. There will be no useless files or the wasted effort of unnecessary searches. The computer will not lose data; the intern will not carry the precious report in his pocket where no one can find it. The computer will serve the laboratory in other ways too. It will provide automatic programs and will turn on and off the machines of the laboratory. It will digitalize data and provide direct readout of final answers. It will provide a new dimension for the clinical chemist.
Pretty remarkable insight, considering not all that much in the way of automation existed in medical laboratories four decades ago and that there were only 15 computers in the entire US in 1955, just 7 years before his commentary was written. Admittedly, these prescient comments are rather atypical for our pages; the Journal has generally been filled with factual and useful information that advances our knowledge and profession in an incremental fashion. I was both rather surprised and more than slightly disappointed that there was precious little in the way of extravagant or, even better, dystopic, predictions of "clinical chemistry of the future" to regale the readers of this overview.
As predicted by Seligson over 40 years ago (15 ) , computers have had a powerful role in clinical chemistry, as in most other disciplines. As we look back on 50 years of articles, the advances in laboratory medicine in many ways parallel the spectacular achievements in the semiconductor and computer fields: ever faster/better/cheaper. In the last decade, computers and the Internet have played a dominant role in the dissemination of scientific information. Our Journal was one of the first to embrace these technologies, and it went "online" in 1998 with full content available back to 1997. Abstracts of articles also were accessible for the period , and authors and titles of articles were listed for the period [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] . This too will change. In the very near future, the full content of Clinical Chemistry, from Volume 1, page 1 up to the current issue will be made available online. With this occurrence of a totally electronic version, I take a fair degree of gratification in imagining that I may well be the last person to have browsed through all 50 years of Clinical Chemistry in its 200-kg paper incarnation (Fig. 1) . Although librarians, and atavists of all ages, may bemoan the eventual demise of the medium of choice for the past few hundred years, I shall not be among them. This project has more than reinforced my leanings toward the obsolescence of a very inefficient vehicle for communicating data, ideas, and information. The hundreds of decaying, amber-colored pages that I reviewed also challenge the idea that electronic is ephemeral and that paper is permanent.
Although large parts of the world remain technologically unconnected, I am confident that access to all of the information in our pages will be facilitated in those regions as a result of these initiatives. Obtaining the paper copy of this, and other, journals is still impossible in many laboratories around the globe.
Although Internet access may not be universal, access to the electronic version will be far easier-and less expensive-than is access to the print copy. This Journal, and others, have shown their commitment to wide dissemination of the information in their pages by making content available without charge to institutions in developing countries (16, 17 ) .
The sightings of cyber cafés in remote regions of the planet attest to the view that access to information will be increasingly electronic. In many respects, an even greater "digital divide" exists regarding access to the older literature; if information is not available electronically, it is often ignored. Review of the past 50 years of this journal has underscored for me the importance of the fact that every advance is based on the findings of previous work. Many today may think that use of mass spectrometry for newborn screening is a relatively new application, but this use was already described in 1972 (18 ) . With the electronic republication of the first four decades of Clinical Chemistry, access to many of the seminal articles in the field will be instantly available to all readers.
I hope that the sampling from the Journal in this timeline will inform, and occasionally amuse, and that you will be persuaded to explore the vast archive that is scheduled to be available at your desktop early in 2005.
Like as the waves make towards the pebbled shore, So do our min hasten to their end; Each changing place with that which goes before, In sequent toil all forwards do contend. 
1955
Vol. 1, number 1. AACC establishes a bimonthly scientific journal-Clinical Chemistry-"to raise the level at which chemistry is practiced in the clinical laboratory; to stimulate the development of new methods for use in the clinical laboratory; to encourage those engaged in this field to pursue advanced studies so as more effectively to render service to the public; and to create and maintain a forum where clinical chemists may exchange ideas and information concerning their scientific, technical and professional problems." The first volume comprises some 430 pages.
Mediterranean diet and blood lipids.
A multinational study of the effects of diet on serum lipid concentrations suggests the benefits of a Mediterranean diet. The authors understatedly-but correctly-infer that the mechanisms by which diet affects blood lipids "must be complex". Keys 
1956
The role of serum lipoproteins in atherogenesis is at an early stage of development, and new analytical tools are described. The analytical variation of the newly described methods is said to be lower than "spontaneous intraindividual variability". Abstracts make their appearance in the Journal at the start of each article rather than as a final "Summary" as in earlier volumes.
The roles of the laboratorian and the status of the profession of clinical chemistry were covered extensively in the first 10 volumes of the Journal. Volume 7 had more than its share of coverage, and readers interested in the topics of concern of the day are directed to Clin Chem 1961;7:75-91;303-7;421-2 for a comprehensive overview.
Move over Dr. Karmen. The "International Unit" is born as the preferred manner for expressing catalytic activity of enzymes (Clin Chem 1961; 7:199) .
Serum as a "standard"? Say it isn't so. The role of reference materials in the calibration and quality control of laboratory assays is examined. Calibration using serum-based materials is criticized as substituting "compensation" for reliability. Klugerman Tonks' formula. The quality of laboratory testing is examined by use of an approach based on biological variability. Tonks proposes the formula, which will eventually become eponymous, that analytical variability should be less that 25% of biological variability ("1/4 of the normal range"). According to this criterion, more than 40% of 4762 results obtained in an interlaboratory survey are considered unacceptable. 
1964
Simultaneous automation. The first multichannel analyzer to perform eight determinations simultaneously is described. The analyzer records directly on calibrated paper, providing an "immediately usable Cholinesterase. A practical method is developed, suitable for screening of patients before anesthesia or after exposure to organophosphates or nerve gas. Garry PJ, Routh JI. A micro method for serum cholinesterase. Clin Chem 1965;11:91-6.
A punch card system for the storage and retrieval of laboratory data is described. A day's results required 2000 cards, which were processed in batches at the end of the day. Nonetheless, introduction of the system reduced the turnaround time by 2 h. Peacock AC, et al. 
1967
What is a standard? A seminal report discussing standards, standardization, reference materials and methods, and definitive methods is published. The report has its origins in the AACC "Committee on Standards and Controls"; many issues are relevant Hard to believe that they didn't before. The FDA is given regulatory responsibility for in vitro diagnostic products (Clin Chem 1973;19:1425-6). 
Clinical chemistry as an "industry". Dr. King muses:
For better or worse, like it or not, the "compassionate science" is becoming more and more indistinguishable from General Motors in its approach to the "customers," primarily of course as a result of quantum leaps in automation technology.
The two major current trends foreseen for clinical chemistry in the United States are (a) a greater demand for "stat" instruments and (b) a demand for high-volume profiling machines.
As an example of the latter, Metpath, a commercial laboratory whose revenues reportedly increased by 45% (to $16.15 million) from 1976 to 1977, found it necessary to purchase four AutoChemist analyzers, and has ordered five more ($500 000 each, 5000 samples/day capacity each 1980) . Other IFCC recommendations include renaming some common analytes: "carbamide" is preferred to "urea", "creatininium" to "creatinine", and "adrenalinium" to "epinephrine". Editor King doubts that US clinical chemists will soon adopt these recommendations (Clin Chem 1979; 25:1989 From the editor's desk: "One of the greatest technological advances since sliced bread, in our view, is the word-processor, by which we mean a typewriter with a "memory," in which pages and pages of material can be stored and called forth. If the typist has a word processor, making corrections involves minutes as opposed to hours, and no brand-new errors introduced . . . [I]f you have access to such a wondrous machine, by all means lose no opportunity to utilize it. All of our lives will be happier" (Clin Chem 1982; 28:2005 Another spin on the immunoassay ball. The latex immunoassay, a nonisotopic method based on agglutination by protein of calibrated latex particles coated with a specific antibody, is described. Bernard AM, Lauwerys RR. Continuous-flow system for automation of latex immunoassay by particle counting. Clin Chem 1983;29: 1007-11. Put the phenols back in! Certain phenol derivatives are found to enhance light emission from luminol by Ͼ1000-fold. The enhanced system enables a rapid, sensitive assay; it is applied to immunoassays for hCG, digoxin, and factor VIII-related antigen. Thorpe NMR is used to detect, identify, and study the major normal and abnormal organic acid metabolites in urine from patients. The technique requires Ͻ1 mL, requires no extraction or derivatization, and takes Ͻ10 min. The authors "believe that it is particularly suitable for the rapid and acute diagnosis of inborn errors of metabolism, especially the organic acidurias, and for acute pediatric clinical care." Iles RA, et al. Use of proton nuclear magnetic resonance spectroscopy in detection and study of organic acidurias. Clin Chem 1985;31: 1795-801. Oliver North, Jr., tells a congressional inquiry that higher officials approved his secret Iran-Contra operations. AZT wins FDA approval for use in the treatment of AIDS. Digging commences for the Channel Tunnel.
1988
A T for 2. Measurement of troponin T is claimed to be specific and sensitive method for the early and late diagnosis of acute myocardial infarction and "could provide a new criterion in laboratory diagnosis" of MI. Gerhardt W. S-troponin T in suspected ischemic myocardial injury compared with mass and catalytic concentrations of S-creatine kinase isoenzyme MB. 
1997
Clinical Chemistry publishes a detailed summary of classified documents from the former German Democratic Republic (East Germany) dealing with government promotion of the use of drugs in highperformance sports. The report details the use of anabolic steroids by athletes in a variety of sports, but their use with adolescent girls, particularly swimmers beginning at 14 years of age, is frightening: "The treatment of young girls with androgenic hormones was especially rewarding in the medal-rich swimming events, where it secured consistent international success." The authors caution parents around the world: "Even the androgenization of young girls has been, and remains, a documented practice in the sport system of countries outside the GDR and the socialist system." Franke WW, Berendonk B. Hormonal doping and androgenization of athletes: a secret program of the German Democratic Republic government. Clin Chem 1997;43:1262-79. 
MS-MS.

1998
The AACC Subcommittee on cTnI Standardization concludes that commercially available assays are useful for detection of cardiac injury; however, differences in cTnI results are attributable to a lack of standardization and heterogeneity in the cross-reactivities of antibodies to various troponin forms (Wu AHB, et al. Characterization of cardiac troponin subunit release into serum after acute myocardial infarction and comparison of assays for troponin T and I. Clin Chem 1998;44:1198 -208). Cardiac troponins T and I collected shortly after ischemic symptoms are used for predicting clinical outcomes (Christenson RH, et al. Chechen rebels take 763 hostages in a Moscow theater. Terrorists detonate massive bombs in two nightclubs in Kuta, Bali. Quaoar is discovered in our solar system. It is estimated that 11% of the world population is on line; for the English-speaking world, the proportion is 43%.
2003
Start with STARD. A protocol for evaluating the completeness and accuracy of biomedical research is published. A checklist and flow diagram will aid researchers in improving the quality of reporting of studies of diagnostic accuracy; this will benefit clinicians, researchers, reviewers, journals, and the public. Vladimir Putin wins a second term as President of Russia. The European Union expands to include Poland, Lithuania, Latvia, Estonia, the Czech Republic, Slovakia, Slovenia, Hungary, Malta, and Cyprus. George W. Bush elected to a second term as President of the United States.
